This study was conducted to provide current information on the effectiveness of water treatment chemicals and filters for control of Giardia cysts in areas where treated water is not available. Four filters and seven chemical treatments were evaluated for both clear and turbid water at 10°C. Three contact disinfection devices were also tested for cyst inactivation. Filters were tested with 1-liter volumes of water seeded with 3 x 104 cysts of G. lamblia produced in gerbils inoculated with in vitro cultured trophozoites; the entire volume of filtrate was examined for cyst passage. Chemical treatments were evaluated at concentrations specified by the manufacturer and for contact times that might be expected of hikers (30 minutes) and campers (eight hours, i.e., overnight). Two of the four filter devices tested were 100 percent effective for Giardia cyst removal. Ofthe other two filters, one was 90 percent effective and the other considerably less effective. Among the seven disinfection treatments, the iodine-based chemicals were all significantly more effective than the chlorinebased chemicals. None of the chemical treatments achieved 99.9 percent cyst inactivation with only 30-minute contact. After an eight-hour contact each of the iodine but none of the chlorine preparations achieved at least 99.9 percent cyst inactivation. None of the contact disinfection devices provided appreciable cyst inactivation. Heating water to at least 70°C for 10 minutes was an acceptable alternative treatment. 
Introduction
Giardia lamblia is the most commonly identified human intestinal parasite in the United States. Giardiasis is commonly transmitted between humans, especially among small children. It is also transmitted in water, particularly in the mountainous regions of the U.S. Since 1965, over 80 waterborne outbreaks of giardiasis have occurred in community water systems, affecting more than 20,000 persons.' Giardiasis in hikers and campers has also been documented;2'3 indeed, it is commonly considered a backpackers' illness. Giardia cysts in concentrations as high as four per gallon have been detected in untreated surface water in northeastern and western states. 4 Concern over waterborne transmission of Giardia has led to development of a variety of chemical disinfectants and portable filters for individual use in the backcountry. Although some information on such methods has been reported,2'5'6 there is no comprehensive guide to their reliability in actually removing or inactivating Giardia cysts.
We tested four commercially available portable filters and one contact disinfection device for their ability to remove Giardia cysts from water. We also evaluated the cysticidal effectiveness of seven chemical disinfectants and three contact disinfection devices.
Methods
Cysts of G. lamblia were prepared for use in both the filtration and disinfection tests by propagation in gerbils inoculated with trophozoites from sterile culture. Trophozoites were of two isolates: one from a beaver (Be-4 isolate from Alberta) and one from a human (H-2 CSU isolate from filter devices tested were 100 percent effective for Giardia 
Contact Disinfection Testing
The Water Purifier is described in packaging information as a contact disinfection device. Likewise, the H2OK and Pocket Purifier devices are described as providing disinfection as well as removing cysts by filtration. These devices were therefore tested for their effect on cyst viability in addition to filtration efficiency. A single 500-ml sample for each device was seeded with approximately 2.5 x 104 cysts and passed through the device. Filtrate was collected and filtered as described above to recover cysts. The viability of cysts was then assessed by FDA and EB staining as described below. 3) Tubes were vortex-mixed, sampled, and returned to the incubator.
4) At each sampling time, i.e., time 0, 30 minutes and 8 hours, a 10-ml sample was withdrawn; a portion was used for measuring disinfectant concentration, and in the remainder the disinfectant was quenched with 0.1-mM sodium thiosulphate. 5) Cysts in the quenched sample portion were exposed to aqueous solutions of the viability indicators, FDA (25 ,ug/ml) and EB (100 jig/ml), filtered on to a 13-mm dia. 5-,um pore-size filter membrane, and rinsed with distilled water (10 ml FDA and EB were added to the samples, the tubes were vortex-mixed, and a l-ml aliquot was filtered through a 13-mm dia. 5-,um pore-size filter membrane. Filters were rinsed, mounted, and examined as described above to enumerate the live and dead cysts.
Results

Filter Device Tests
The four filters differed significantly in their ability to remove Giardia cysts (Figure 1 ). The number of cysts recovered from water having passed through the filter devices ranged from zero to greater than 104 in individual tests. The performance of individual devices was consistent as indicated by the standard deviations for each of the three replicate test sets (Figure 1 ). (Figure 2) . None of the disinfectants was more than 90 percent effective after a contact time of 30 minutes. After eight-hour contact, the four iodine-based disinfectants, each caused a greater than 99.9 percent reduction in viable cysts. The chlorine-based disinfectants were clearly less effective than the iodine-based ones at both contact times.
Heating in Water-Experiments conducted with cysts of G. lamblia and of G. muris indicated that the two species have virtually the same sensitivity to inactivation by heating. Cysts of both species were completely inactivated by heating to 70°C for 10 minutes. Heating to 50°C and 60°C for 10 minutes produced 95 and 98 percent inactivation, respectively (Figure 3 ).
Discussion
To remove Giardia cysts from water, one must use a filter with sufficiently small pores to trap the cysts and sufficiently large capacity to produce a useful volume of treated water before backwashing or replacement is necessary. Although a number of manufacturers advertise that their filters remove Giardia cysts, the only previously published account of filter performance was for the Katadyn unit.6 Our filter evaluation study showed that only the FirstNeed and the Katadyn filters removed cysts with at least 99.9 percent effectiveness. Under the same test conditions, the H2OK filter was approximately 90 percent effective and the Pocket Purifier was less than 50 percent effective for cyst removal. The analysis of viability for the cysts collected in the effluent of the Water Purifier, H2OK, and Pocket Purifier indicates that passage through the device did not significantly reduce the percentage of viable cysts.
The current study showed that none of the chemical treatments could inactivate more than 90 percent of cysts with 30 minutes of contact time at 10°C. At both 30 minutes and eight hours of contact time, the iodine-based disinfectants inactivated a higher fraction of cysts than did the chlorine-based products. All methods inactivated a lower percentage of cysts in cloudy or turbid water than in clear water. All disinfectants performed better with eight hours of contact time than with 30 minutes. Only the iodine-based compounds inactivated 99 to 99.9 percent of cysts, within eight hours of contact time for both turbid and clear water. As observed by Jarroll, et al,5 the 2 percent tincture of iodine FIGURE 
